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Project-based learning (PBL) is a well-known student-centred methodology for engineering design educa-
tion. The methodology claims to offer a number of educational benefits. This paper evaluates the student
perceptions of the initial and second offering of a first-year design unit at Griffith University in Australia.
It builds on an earlier evaluation conducted after the initial offering of the unit. It considers the imple-
mentation of the recommended changes. Evaluations of the two offerings reveal that students (in both
the initial and second offering) generally enjoyed the experience, but that the second offering was found
to be a significantly more enjoyable learning experience. Students in the second offering also reported
a significantly better understanding of what they needed to do for the design projects and where to find
the requisite information. The oral presentation aspect of the initial and second offerings received the
lowest satisfaction rating. The inclusion (and delivery) of the computer-aided drawing component of the
unit is seen as a positive aspect by some students, but many others comment on it negatively. The best
aspects of the PBL unit and those aspects needing further improvement were similar to the findings of
other investigations documented in the literature.
Keywords: project-based learning; engineering education; evaluation
1. Introduction
Project-based learning (PBL) is a well-known student-centred methodology for engineering
design education. ‘Compared to problem-based learning, where the focus is generally on the
process used to solve a problem, in project-based learning the focus is generally on the product
produced as the solution to the problem...’ (Prince and Felder 2006). Design is considered one of
the central functions of engineering practice and hence it is essential that students are exposed to
‘real-world’ conditions. PBL can help students develop effective design solutions under realistic
conditions of incomplete data and potentially conflicting constraints (Mills and Treagust 2003,
Dym et al. 2005). An earlier paper by Palmer and Hall (2011) comprehensively reviews the PBL
literature and clearly outlines a consensus of elements that are incorporated in PBL as well as the
potential benefits that the methodology has for student learning (Thomas 2000, Frank et al. 2003,
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156 W. Hall et al.
Mills and Treagust 2003, Doppelt 2005, Helle et al. 2006, Macías-Guarasa et al. 2006, Prince
and Felder 2006).
Many PBL case studies are documented in the literature, but these case studies are frequently
unit descriptions presenting the implementation details of individual courses. More serious eval-
uation is harder to find (Helle et al. 2006). The work by Palmer and Hall (2011) presents findings
from an initial offering of a new first-year unit ‘1006ENG Design and Professional Skills’ intro-
duced at Griffith University in Australia. PBL plays a significant role in this unit (75% of the
assessment). An evaluation into the student perceptions of the unit is presented and, based on
the findings, the authors recommend several changes for future offerings. Changes recommended
in the earlier paper are implemented and the same evaluation is then repeated. The outcomes
are compared to the initial findings to gauge the impact of these ‘improvements’ on the student
perceptions of the unit.
2. The Griffith School of Engineering PBL initiative
The programmes offered by Griffith School of Engineering on the Gold Coast campus have
recently been restructured to facilitate a common first-year for all its specialist majors (Palmer
and Hall 2011). In 2012, the School will offer five specialist majors on the Gold Coast campus:
• Civil Engineering.
• Mechanical Engineering.
• Electrical and Electronic Engineering.
• Mechatronic Engineering.
• Sport and Biomedical Engineering.
In the revised structure a new first-year unit ‘1006ENG Design and Professional Skills’ was
created. This revised structure was first offered in semester 2, 2010. Some 237 students were
enrolled in the first offering of 1006ENG and this number is expected to steadily increase in
subsequent offerings to in excess of 300. The initial student feedback for this unit was mostly
positive, but a number of potential improvements were highlighted (Palmer and Hall 2011). These
improvements have been incorporated in the second offering (semester 2, 2011) with an enrolment
of 262. The course improvements and corresponding student responses are described here.
3. 1006ENG Design and Professional Skills
The unit 1006ENG Design and Professional Skills aims to provide an introduction to engineering
design and professional practice through a project-based approach to problem solving. It provides
students with an experience of PBL in the first-year of their programme. PBL is also used in later
courses. The unit comprises an underpinning lecture series, design work including group project
activities, an individual computer-aided drawing (CAD) exercise/s and an oral presentation. This
was the case for both the initial and second offerings of the unit, but in the later offering there was
a redistribution of the expectations (and hence assessment marks) for each of the components. The
redistribution was set up to address the two most frequently ‘needs improvement’ areas identified
in the initial offering (Palmer and Hall 2011): ‘more time on project work’ (frequency rank 1);
and ‘more instruction on CAD’ (rank 2). The third most frequently identified area (rank 3), ‘a
better explanation of the expectations’ was addressed by providing a single common point of
contact (i.e. the Unit Chair/Course Convenor) for all technical and administrative issues related
to the design projects. Previously, one academic was directly responsible for technical aspects of
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 1
7:1
4 0
9 M
ay
 20
12
 
European Journal of Engineering Education 157
Table 1. Summary of unit assessment items.
Marks weighting
Assessment item 2010 2011 Description
Prelim. design report (Project 1) 3 3 Group mark
Final design report (Project 1) 22 22 Group mark + SAPA
Prelim. design report (Project 2) 3 3 Group mark
Final design report (Project 2) 22 32 Group mark + SAPA
Prelim. design report (Project 3) 3 – Group mark
Final design report (Project 3) 22 – Group mark + SAPA
CAD drawings (on Project 1, 2 or 3) 15 30 Individual mark
Oral presentation (on Project 1, 2 or 3) 10 10 Group delivery, but individual mark
SAPA = self- and peer-assessment; CAD = computer-aided drawing.
each project, whilst the Unit Chair was responsible for all administration issues. The three most
frequent areas identified as needing improvement scored at least twice the frequency of the fourth
ranked (rank 4) item (‘less emphasis on group marks’), which, incidentally, the redistribution of
marks also addresses. Table 1 presents a summary of the assessment items and the percentage
allocation of marks to each item for the two unit offerings (initial 2010 offering and the second
offering in 2011).
The group project activities are assessed through group design projects, requiring written ‘pre-
liminary’ and ‘final’ design reports. In the second offering, two design projects were included,
a reduction from three at the unit’s inception – enabling more time on the individual projects.
Moreover, there was a greater expectation and higher marks attached to the second of the two
projects – this was not possible in the initial offering as design projects were not introduced in a set
order. The three projects were initially offered three times throughout the semester. The issue of
higher marks for the second of the two projects was not originally proposed in the initial analysis
of the unit (Palmer and Hall 2011). The review suggested only 50% of the course should be group
work split evenly between two projects, but on further reflection a figure of 60% was adopted to
incorporate higher marks for the latter of the two projects and maintain a significant PBL focus.
The CAD component initially involved a series of in-class tutorial exercises and then compre-
hensive drawings for one of the three group projects. These tutorial exercises were formatively
rather than summatively assessed. There was a minimum attendance hurdle (no marks) to allow
submission of the comprehensive project drawings and hence a number of students chose to attend
only the minimum number of tutorials – this was believed to be the main reason why more CAD
instruction was requested. This point will be revisited later in the paper. In the second offering, to
encourage participation in the tutorials, marks were assigned to the exercises and comprehensive
drawings for both design projects were required to further increase the CAD content. This is the
reason for the significant increase in the marks contribution for the CAD component of the unit.
The oral presentation remained unchanged in the second offering. The presentation is a group
activity related to one of the projects, but students are awarded individual marks for their own
contribution. The design project chosen for oral presentation is selected by the student group.
The initial three design projects in the first offering were:
(1) Mechanical Design Project – objective: to design and build a mouse-trap powered car to race
five metres in the shortest possible time.
(2) Electrical/Electronics Design Project – objective: to design and build a linear accelerator
(motor) that will accelerate a mass through a sequential series of coil stages.
(3) Civil Design Project – objective: to design and construct a geometric scale model of an urban
development site for the ‘Leprechaun Village Corporation’.
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158 W. Hall et al.
In the second and subsequent offerings, the intention was/is to offer two of these three projects
or an equivalent discipline relevant project. In the second offering (2011), the first of the two
projects was the Civil Design Project (worth 25% of the overall unit mark) and the second was
the Mechanical Design Project (worth 35%). To assist students to understand the expectations for
each of these design projects, a rubric was provided. A rubric clearly articulates the assessment
criteria and the corresponding levels of quality, ranging from low quality (poor) to high quality
(excellent). The rubric was introduced into the first offering as an efficient feedback mechanism
for a large student cohort and as a means to communicate design project expectations. It has the
additional benefit that it can be used to aid students make realistic evaluations about their own
performance and that of the other group members.
To facilitate student engagement in each of the group design projects, students were allowed
to choose their own groups and were asked to provide self- and peer-assessment (SAPA) ratings
for each group member for the final design report of each project. SAPA is a proven method for
assessment of teamwork processes, including in design-based settings (Tucker et al. 2009). The
intention of SAPA marks is to differentiate between the contributions provided by each group
member. Students were provided with a guide for making their SAPA ratings: ratings were out
of 10, with up to two marks awarded for participation/attendance, four marks for the quantity
of work produced and four marks for perceived quality of the work (this could be related back
to the rubric). In this SAPA implementation, provision of ratings by students was optional, but a
non-submission was taken to mean an equal (and maximum, 10) rating for all the group members.
In the initial offering, the individualised design report mark (Student Mark, SM) was calculated
via:
SM = TM
( ∑
SAPA
max(
∑
SAPA)
)
(1)
where TM is the tutor mark for the final design report,
∑
SAPA is the total SAPA mark for a
student and max(
∑
SAPA) is the maximum total SAPA mark for any of the group members.
In the second offering an alternative approach was adopted (Willmot and Crawford 2004):
SM = TM(0.5 + 0.5Wf ) (2)
Wf is a SAPA weighting factor given by:
Wf =
( ∑
SAPA
mean(
∑
SAPA)
)
(3)
The limitation of Equation (1) (used in the initial offering) was that students were not able
to attain an individual mark higher than the tutor (final design report) mark. The modification
in Equation (2) provides a student mark that may be greater than the final report mark. This
presents the opportunity for higher achieving students to achieve individual marks that are more
representative of their contributions to the design project. It was an attempt to provide a fairer
distribution of marks.
4. Results and discussion
An evaluation of the initial offering of 1006ENG has previously been provided by Palmer and
Hall (2011). A questionnaire was developed to gather student data for the initial offering and
this was reused (without amendment) for the second offering. This questionnaire was previously
presented in Palmer and Hall (2011) but is given in Appendix 1 for completeness. Table 2 presents
a summary of the demographic and related characteristics of the respondent student groups for
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Table 2. Demographic and related characteristics of respondent student groups.
2010 2011
Sample Population Significance/etc. Sample Population Significance/etc.
Number of respondents 72 237 30.4 % 205 256 80.1 %
1.1 Mean age (SD) 20.97 (4.9) – 20.83 (3.3) –
1.2 Gender
Female 8 18 Fisher’s exact test 18 22 Fisher’s exact test
Male 63 219 p > 0.33 185 234 p > 0.52
1.3 Enrolled programme
1310 Engineering 50 176 151 190
1318 Engineering
Technology
6 19 10 15
1320 Engineering with
Advanced Studies
6 13 Fisher’s exact test 2 14 Fisher’s exact test
1321 Engineering/
Science
3 6 p > 0.35 4 6 p > 0.167
1323 Engineering/
Information
Technology
1 2 4 8
1078 Engineering/
Business
3 9 7 11
Other 0 12 4 12
1.4 Intended study major
Civil 52 – 129 –
Electrical/Electronic 5 – 29 –
Mechatronic 10 – 28 –
Sports/Biomedical 1 – 7 –
Other 4 – 11 –
1.5 Median entrance
score
10 – –
2.1 Previous experience
with PBL
–
Yes 29 – 42.7 % 100 – 49.3 %
No 33 – 48.5 % 76 – 37.4 %
Not sure 6 – 8.8 % 27 – 13.3 %
OP =
the initial (2010) and second offerings (2011) of the unit. The sum of the sample frequencies
in each category equals the number of responses (76 and 205, respectively) only if all student
respondents provide feedback. If this is not the case, it signifies one or more non-responses in
the category. Table 3 presents the corresponding mean and associated standard deviation (SD) for
student responses to the questionnaire scale items.
The demographic information for the two sets of student respondents (initial and second offer-
ings) were compared to their overall enrolled unit populations. No significant difference was
found in the proportions of the responses between the respondent samples and the overall enrolled
unit populations for gender (Fisher’s exact test; p > 0.33 and p > 0.52) or enrolled programme
(p > 0.35 and p > 0.167). The significant number of respondents (72 and 205 respectively) and
the good match between the respondent samples and overall enrolled unit populations enables
extrapolations to be confidently made about the overall enrolments from the respondent data.
Moreover, a one-way analysis of variance (ANOVA) comparison of the mean ratings for each of
the questionnaire scale items against all of the questionnaire categorical response groups suggests
(for both cohorts) that all students were able to participate in, and experienced, the unit in essen-
tially the same way, regardless of gender, enrolled programme, previous experience with PBL,
etc. Levene’s test of the homogeneity of variance showed no significant difference in the variance
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160 W. Hall et al.
Table 3. Mean student ratings and standard deviation for questionnaire scale items
2010 2011
Questionnaire item Mean SD Mean SD
2.2 Do you enjoy working in groups/teams? 3.43 0.93 3.56 0.96
2.3 Do you enjoy giving oral presentations? 2.65 1.21 2.80 1.22
3.1 Did you understand what you needed to do for the design project
assignments?
3.51 0.86 3.96 0.77
3.2 Were you able to find the information you needed to complete the
design project assignments?
3.72 0.84 4.07 0.76
3.3 Did your group work well together on all design project assignments? 3.36 1.24 3.76 1.00
3.4 Was your group presentation successful? 3.53 0.93 3.67 0.88
3.5 Were you satisfied with the designs produced by your group? 3.67 0.95 3.84 0.92
3.6 Overall, was 1006ENG an enjoyable learning experience? 3.46 0.96 3.82 0.84
3.7 Did 1006ENG increase your knowledge of engineering design &
professional skills?
3.63 0.98 3.86 0.96
2
2.5
3
3.5
4
4.5
2.2 2.3 3.1 3.2 3.3 3.4 3.5 3.6 3.7
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2010
2011
Figure 1. Mean student ratings and 95% confidence interval estimates for questionnaire scale items.
of scale item ratings between categorical groups, confirming the validity of the ANOVA test. This
important issue of equitable participation in PBL courses is also supported by other researchers
in the literature (Lumsdaine et al.1999, Du and Kolmos 2009).
Figure 1 shows the mean rating and estimated 95% confidence interval for each of the ques-
tionnaire scale items for both respondent samples. The mean ratings for the second offering scale
items are higher in all cases than those for the initial offering, but within each of the two offerings
the ratings are similar; the exception in both instances is item 2.3 (‘Do you enjoy giving oral pre-
sentations?’). The trends are comparable to those reported in the literature. For example, Edward
(2004) reports an overall mean student enjoyment rating of 3.79 (out of 5) for a PBL investigation
in the ‘early years’ (i.e. first and second year of a programme). Hanesian and Perna (1999) report
that students in a first-year design unit found the experience to be very enjoyable but disliked oral
presentations. This later point is consistent with the observation that engineering students have
an aversion to public speaking (Beer 2002). Here, the mean ‘enjoyment’ ratings for scale item 3.6
(‘Overall, was 1006ENG an enjoyable learning experience?’) was 3.46 and 3.82 (after the course
improvements). Scale item 2.3 was found to be significantly lower than the other scale items in
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European Journal of Engineering Education 161
each of the respondent samples, recording mean ratings of 2.65 and 2.80 respectively. Interest-
ingly, the mean ratings for the related scale item 3.4 (‘Was your group presentation successful?’)
was significantly higher than for scale item 2.3 (3.53 and 3.67 in the initial 2010 and second
2011 offering, respectively). This outcome suggests that the environment and arrangements made
helped the students’ acceptance of the oral presentation as a learning and assessment activity.
A comparison of the initial and second offerings shows a significant improvement in the mean
ratings for scale items:
• 3.1 ‘Did you understand what you needed to do for the design project assignments?’
• 3.2 ‘Were you able to find the information you needed to complete the design project
assignments?’
• 3.6 ‘Overall, was 1006ENG an enjoyable learning experience?’
An understanding of assessment expectations (scale item 3.1) and how to find the information to
complete the design projects (item 3.2) is of obvious importance to students and hence assessment
can impact on a student’s enjoyment of a unit (item 3.6). Students are known to be strategic learners,
driven by assessment (James et al. 2002). A single point of contact for the unit, a reduction in
design project assessments (i.e. no project 3) and longer time to devote to each project could
have all contributed to the improvements observed in ratings for items 3.1 and 3.2. In addition
to these changes, the modifications to the SAPA marks could also have contributed to a more
enjoyable experience (item 3.6). Students want to feel that their efforts in group work have been
fairly assessed, absolutely and relative to their peers (Morris and Hayes 1997, Hart and Stone
2002, Garbett 2004, Monk-Turner and Payne 2005).
A number of the ‘best aspects’ reported by students in Table 4 from the initial offering are
reiterated in the second offering and are also reported in the literature on student evaluations of
PBL. Some of the positive items are:
• a student perception that teamwork is valuable (Dym et al. 2005);
• use of ‘real world’ practical applications (Mills and Treagust 2003, Edward 2004);
• assessment moved from examination to project work;
• exposure to aspects of professional engineering work;
• experiencing helpful teaching and support staff (Frank et al. 2003).
The negative aspects are:
• high time demands of project work;
• issues with group members who did not pull their weight (Mills and Treagust 2003);
• need for an introduction to, and preparation for, teamwork; and
• need for instruction on engineering/design report writing (Frank et al. 2003).
The improvements in the second offering of the unit seem to have addressed many of the initial
student concerns. For example, the highest ranked item in the initial offering ‘more time on project
work’is not even mentioned in the second offering. Furthermore, the second highest ranked ‘needs
improvement’ item for the second offering of the unit is stated as ‘nothing’ – a clear indicator of
student satisfaction. The main student concern is now firmly focused on issues relating to the CAD
component of the unit. Despite the revision of the course to address initial student concerns – these
include a significant increase in the amount of CAD tuition and assessment in the second offering
of the unit – more instruction of CAD is the highest ranked negative issue, up from frequency rank
2 in the initial 2010 offering. Furthermore, the third highest ranked item in the second offering
(in 2011) was ‘improve CAD section’. In fact, many of the negative comments from the second
offering directly related to the CAD component. To complicate matters further, some students
disagreed with these negatives, suggesting that there is too much CAD (rank 6), and others identify
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Table 4. Themes from student open-ended comments.
Rank (Freq.) Rank (Freq.) Rank (Freq.) Rank (Freq.)
4. Best aspects 2010 2011 5. Needs improvement 2010 2011
Group work 1 (18) =1 (31) More time on project work =1 (11) –
Hands on/practical 2 (16) =1 (31) More instruction on CAD =1 (11) 1 (33)
No exam 3 (11) =15 (13) Better explanation of expectations 3 (10) 4 (9)
Projects (enjoyable) 4 (7) =1 (31) Less emphasis on group marks 4 (5) –
Less/Quick lectures 5 (6) =14 (5) Smaller groups =5 (4) –
CAD 6 (5) 7 (12) More background on principles behind projects =5 (4) –
Mousetrap car =7 (4) =9 (9) More even participation on groups =7 (3) =9 (5)
Variety of projects =7 (4) =16 (3) Faster feedback =7 (3) –
Meeting new peers =7 (4) =16 (3) Spread assessment due dates better =7 (3) =15 (2)
Helpful staff =10 (3) 4 (30) More consistency in marking =10 (2) –
Exposure to engineering work =10 (3) 12 (7) Course more organised =10 (2) –
Group shared workload =12 (2) – Support for design report writing =10 (2) –
Independent studies =12 (2) – More lectures =10 (2) –
Linear accelerator =14 (1) – Guidelines for group operation =14 (1) –
Regular assessment =14 (1) – More feedback =14 (1) =15 (2)
Problem solving =14 (1) =14 (5) More help from demonstrators =14 (1) –
Appropriate difficulty =14 (1) – Choice in projects =14 (1) =9 (5)
Group motivated me to work =14 (1) – Relate projects better to discipline areas =14 (1) –
Develop team skills =14 (1) =23 (1) More scope for variation in designs =14 (1) –
Presentation =14 (1) 8 (10) Fewer projects =14 (1) –
Workload =14 (1) =18 (2) Workload too heavy =14 (1) =9 (5)
Presentation skills =14 (1) – Blind peer review not ‘blind’ =14 (1) –
Good resources =14 (1) – More general support for students =14 (1) –
Project guides comprehensive =14 (1) – Minimise/drop lectures =14 (1) –
Civil project =14 (1) =18 (2) Prize for best mousetrap racer =14 (1) –
Engineering reporting =14 (1) 23 (1) Grouping system/management =14 (1) 8 (6)
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Design work =14 (1) =5 (13) Nothing – 2 (22)
General – =9 (9) Improve CAD section – 3 (20)
Explanation of theory – =9 (9) Too much CAD work – =6 (7)
Fair group assessment – 13 (6) CAD software problems – =9 (5)
Research skills – =18 (2) Match CAD to projects (timings) – 14 (3)
Feedback – =18 (2) Less CAD marks – =15 (2)
Well organised/clear expectations – =18 (2) More time in laboratories – 5 (8)
Others (single response) – =23 (4 × 1) Delete/improve oral presentation – =6 (7)
Civil project – 13 (4)
Too much/hard assessment – =15 (2)
Better explanation of Matlab – =15 (2)
SAPA system unfair – =15 (2)
Others (single response) – 21 (22 × 1)
CAD = computer-aided drawing; SAPA = self- and peer-assessment.
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164 W. Hall et al.
CAD as one of the best aspects of the unit (rank 7). The inclusion (and delivery) of the CAD
component in 1006ENG is clearly an issue that needs further consideration in future offerings
of the course. It is an area that will continue to be reviewed through Griffith University’s formal
annual Student Evaluation of Course documentation. Overall, the general consistency observed
in the ranking of the open-ended comment themes across both years provides an indication that
the student comments present a reliable measure of their perceptions of the PBL unit.
5. Conclusions
This paper has evaluated the student perceptions of an initial and second offering of a first-
year design unit (1006ENG Design and Professional Skills) at Griffith University in Australia. A
number of changes recommended after an evaluation of the initial offering have been implemented.
The initial evaluation has been reported elsewhere. The same evaluation was performed on the
second offering and results have been compared to those of the initial offering to gauge the impact
of these changes on the student perceptions of the unit. The evaluations revealed that students
(in both the initial and second offering) generally enjoyed the experience, but that the second
offering was found to be a significantly more enjoyable learning experience. Students in the
second offering also reported a significantly better understanding of what they needed to do for
the design projects and where to find the requisite information. The oral presentation aspect of the
initial and second offerings received the lowest satisfaction rating. The inclusion (and delivery)
of the CAD component of the unit is seen as a positive aspect by some students, but many others
comment on it negatively. Its inclusion and delivery in the course is seen as needing further
consideration. The best aspects of the PBL unit and those aspects needing further improvement
were similar to the findings of other investigations documented in the literature.
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Appendix 1: 1006ENG Design & Professional Skills – PBL Questionnaire
1.1 Please state your age in years AND months
1.2 Please indicate your gender
1.3 Please indicate your enrolled program code
1.4 Please indicate your intended study major
1.5 Please indicate your Griffith tertiary entrance score
2.1 Before commencing 1006ENG, had you previously participated in PBL activities? [Y/N/?]
2.2 Do you enjoy working in groups/teams? [1–5]
2.3 Do you enjoy giving oral presentations? [1–5]
3.1 Did you understand what you needed to do for the design project assignments? [1–5]
3.2 Were you able to find the information you needed to complete the design project assignments? [1–5]
3.3 Did your group work well together on all design project assignments? [1–5]
3.4 Was your group presentation successful? [1–5]
3.5 Were you satisfied with the designs produced by your group? [1–5]
3.6 Overall, was 1006ENG an enjoyable learning experience? [1–5]
3.7 Did 1006ENG increase your knowledge of engineering design & professional skills? [1–5]
4. What were the best aspects of 1006ENG? [Free text comment]
5. What could be improved about 1006ENG? [Free text comment]
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